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Abstract

Aim: The aim of this study is to determine D-dimer and fibrinogen levels in COVID-19 patients and to evaluate their correlation with in-hospital mortality.
Material and Methods: Patients aged 18 years and older who applied to the emergency and/or pandemic outpatient clinic of our hospital and were hospitalized
and whose COVID-19 PCR test was positive were included. Demographic data, vital and physical examination findings, laboratory values including D-dimer and
fibrinogen levels were recorded. P <0.05 was considered statistically significant.

Results: Patients with increased D-dimer value were found to have higher age, higher rate of chronic kidney disease, higher fever and pulse values, lower
saturation measurements, longer duration of the complaint, more severe pneumonia, longer hospital stay, greater requirement for mechanical ventilation and
intensive care (p<0.05 for all values).

It was observed that the patients with increased fibrinogen were older and the duration of complaints was longer. When the laboratory values of the patients
with and without fibrinogen increase were compared, it was determined that neutrophil, CRP and sedimentation values of the patients with increased
fibrinogen were lower (p<0.05 for all values).

Discussion: In our study, we demonstrated that D-dimer levels measured at admission and during follow-up were higher in the deceased patients than in
the surviving ones. We did not detect any clinical association between admission and follow-up fibrinogen levels and mortality in the deceased patients as
compared with the surviving ones.
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Introduction

COVID-19 is a global pandemic caused by SARS-CoV-2 infection
[1, 2]. The number of people infected by SARS-CoV-2 continues
to rise on a global scale. Developing novel laboratory tests that
would aid the diagnostic and follow-up processes in COVID-19
patients is very important not only for making the diagnosis,
but also for distinguishing between severe and non-severe
cases, and patients at low and high mortality risk. Mortality and
morbidity of the COVID-19 infection have been rising.

Varying degrees of
complications,secondary infections, thromboembolic events,and
inflammatory complications may develop in affected patients
[3]. The risk of thrombosis increases in the course of COVID-19
[4, 25]. Although the cause of hypercoagulopathy in COVID-19
patients has yet to be fully elucidated, the basic mechanisms
first defined by Virchow are considered to be operational [6].
Direct invasion of endothelial cells by the virus, cytokines,
mainly 1I-6, triggering a systemic inflammatory response, and
intravascular catheters widely used for patient follow-up are
the main causes of endothelial injury [6]. Elevated factor VIII
and fibrinogen levels, prothrombotic microparticles, neutrophil
extracellular traps, and hyperviscosity cause hypercoagulopathy.
In addition, immobilization during intensive care also increases
vascular stasis, independently of the COVID-19 disease [6-8]. A
hypercoagulable state, which increases the risk of venous and
arterial thromboembolism due to the above-mentioned factors,
is termed COVID-19-associated coagulopathy. Despite marked
increases in fibrinogen and D-dimer levels, PT (prothrombin
time) and aPTT (activated partial thromboplastin time) are
normal or slightly prolonged. Platelet count is variable [3].
Excessively elevated D-dimer level is remarkable and associated
with poor prognosis. It has been observed that D-dimer levels
were significantly higher in patients treated in the intensive
care unit than other patients [9]. It was shown that D-dimer
could be an early and useful marker that would improve the
management of COVID-19 patients [10]. Indication algorithms
for the administration of anticoagulant agents in COVID-19
patients are not clear. This situation may cause difficulties in
the implementation of the diagnosis, follow-up and treatment
procedures of COVID patients. Herein, we aimed to investigate
admission and follow-up D-dimer and fibrinogen levels of
COVID-19 patients, factors associated with their elevated
levels, and their relationship with in-hospital mortality.

respiratory failure, cardiovascular

Material and Methods

The present study is a retrospective, observational study. It
was approved by the local ethics committee (23.02.202, 2012-
KAEK-15/2229). Patients aged 18 years or older with a positive
COVID-19 PCR test who were hospitalized in Kecidren Training
and Research Hospital between 01.08.2020 and 30.11.2020
were enrolled in the study. The demographic data, admission
complaints, comorbidities, time of admission, vital and physical
examination findings, laboratory studies including D-dimer and
fibrinogen levels measured at admission and during follow-up,
chest X-Ray/tomographic imaging findings, disease-related
thromboembolic (deep vein thrombosis (DVT) and pulmonary
embolism) events, if any, and length of hospital stay were
recorded for all patients. The patients were grouped as the

deceased and surviving patient groups based on their in-hospital
mortality status. The patients were additionally grouped by
their D-dimer and fibrinogen levels. They were further divided
into two groups based on the difference between the admission
D-dimer, fibrinogen levels and 5th day D-dimer and fibrinogen
levels, as those with elevated levels of the said parameters and
those without. Patients with missing data and a negative PCR
test were excluded from the study.

Statistical Analysis

Data obtained during the study period and recorded on study
forms were analyzed with IBM SPSS 20.0 (Chicago, IL, USA)
statistical software package. The Kolmogorov-Smirnov test
was used to check if discrete and continuous variables were
normally distributed. Descriptive included the
median (interquartile range 25-75) for discrete and continuous
numerical variables, and number of cases and percentage (%)
for categoric variables. Categoric variables were analyzed using
the Chi-square test, and continuous variables using the Mann-
Whitney U test. Receiver operating characteristic (ROC) analysis
was performed for fibrinogen and D-dimer levels, in which the
curves’ area under the curve (AUC) values were calculated to
distinguish between deceased and surviving patients.

A p-value of less than 0.05 was considered statistically
significant for all statistical analyses.

statistics

Results

The data of 1997 patients who were enrolled during the study
period were analyzed. Five hundred and eighty-six patients
were excluded due to a negative PCR test plus 40 patients due
to missing data. A total of 1371 patients were enrolled in the
study. Of the patients who were enrolled, 53.7% were male
(N=736); the median age of the study population was 63 (IQR
52-72) years. The most common comorbidity was hypertension
(54.9%). The median length of hospital stay was 7 days (IQR
5-11 days). The in-hospital mortality rate was 10.3% (141).
Table 1 shows the demographic data of the study population.
The ROC analysis that was performed to determine a cut-off
value for D-dimer level for distinguishing between deceased
and surviving patients had an AUC value of 0.695 (95% Cl
0.649-0.741; p<0.001) (Figure 1). A D-dimer level of 1475 that
was accepted as the best cut-off value to discriminate between
deceased and surviving patients had a sensitivity of 42% and
a specificity of 89%. There were 1072 patients whose D-dimer
level was measured at admission and five days later. The fifth
day D-dimer level was higher than the admission D-dimer level
in 7.9% of the patients. A comparison of the patients with and
without D-dimer elevation indicated that the patients with
elevated D-dimer levels had higher median age, higher rate
of chronic kidney disease, higher body temperature and pulse
rate, lower oxygen saturation, longer duration of symptoms,
more severe pneumonia, longer hospital stay, and greater
requirement for ventilation and intensive care (p<0.05 for all
comparisons) (Table 2).

In 438 patients, fibrinogen levels were measured at admission
and five days later. The fifth day fibrinogen level was higher
than the admission D-dimer level in 50.5% of the patients.
The ROC analysis to determine a cut-off level for fibrinogen to
distinguish between deceased and surviving patients had an
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Table 1. Demographic data of the study population (n=1371) ROC Curve
1.0
Age, median (IQR 25 -75) 63 (52-72) 0.5
Gender, n (%)
0,6
Female 635 (46.3%) £
]
Comorbidity, n (%) S
Y o.a
Hypertension 619 (54.9%)
Diabetes 426 (31.1%)
0,2
Coronary Heart Disease/CHF 281 (20.5%)
Chronic Obstructive Pulmonary Disease 163 (11.9%) i
Too 0.2 0.4 o os 1.0
Chronic Kidney Disease 62 (4.5%) 1 - Specificity
Other 113 (8.2%)
Symptom duration, Median (IQR 25-75) 4(3-6) Figure 1. ROC analysis for D-dimer values between deceased

Vital Signs, median (IQR 25 -75)

and surviving patient groups

Fever 37.1 (36.3-38.0)
Pulse rate 79 (71-88) RO Curve
1.3
Saturation 90 (88-93) .
Pneumonia status, n (%) 1273 (92.9%) asd . A .7
Pneumonia severity, n (%) . f /’
Pneumonic involvement more than 50% 375 (27.4%) & o l_,—n".i—l -
Pneumonic involvement less than 50% 898 (65.5%) ] r -
= T
Requirement of mechanical ventilation, n (%) 132 (9.6%) Y o v -
Length of hospital stay, Median (IQR 25-75) 7 (5-11) |
ICU requirement, n (%) 151 (11%) ay r..-—r P
Mortality, n (%) 141 (10.3%) ky
o .r’/ T T T
Laboratory Median (IQR 25-75) aam oz o s e =
1 - Specificity
D-dimer, ng/ml 650 (390-1230)
D-dimer 5. Day, ng/ml. 570(340-1110) Figure 2. ROC analysis for fibrinogen values between deceased
Fibrinogen, mg/dI 497 (400-621) and Surviving patient groups
Fibrinogen 5. Day, mg/dl 451 (358-578)
CHF: Congestive heart failure, CT: Computerized tomography ICU: Intensive care unit Table 3 Comparison of the data of COVID-19 patients with

Table 2. Comparison of the data of COVID-19 patients with

and without D-dimer elevation (n=1072)

Age, median (IQR 25-75)

Gender, n (%)

Female

Comorbidity, n (%)

Hypertension

Diabetes

Coronary heart disease

Chronic obstructive pulmonary disease
Chronic kidney disease

Vital signs, median (IQR 25-75)

Fever

Pulse rate

Saturation

Symptom duration median (IQR 25-75)
Pneumonic involvement more than 50%, (%)
Length of hospital stay median (IQR 25-75)

Requirement of mechanical ventilation,
n (%)

Requirement of ICU care, n (%)
Length of stay in ICU median (IQR 25-75)
In-hospital mortality n (%)

ICU: Intensive care unit

Absence of

D-dimer

elevation
(n:993)

64 (51.5-72)

466 (46.9%)

437 (44%)
311 (31.3%)
211 (21.2%)
117 (88.2%)

40 (4%)

37 (36.2-38)
78 (71-88)
91 (89-93)

4(3-6)
258 (26%)
7 (5-10)

69 (6.9%)

87 (8.8%)
12 (4-20)
68 (6.8%)

and without fibrinogen elevation (n=438)

Absence of Presence of
fibrinogen fibrinogen P-

elevation elevation value

Presence of (n:291) (GREY)]

D-dimer P-

elevation value Age, median (IQR 25-75) 62 (52-70) 66 (57-74) 022
(n:79) Gender n (%)
66 (57-75) 040 Female 143 (49.1%) 65 (44.2%) 0.330
Comorbidity, n (%)

31 (39.2%) 0187 Hypertension 140(48.1%) 71 (48.3%) 097

Diabetes 79 (27.1%) 51 (34.7%) 0.103

43 (54.4%) 0073 Coronary heart disease 60 (20.6%) 37 (25.2%) 0.279

25 (31.6%) 0952 Chronic obstructive pulmonary disease 32 (11%) 24 (16.3%) 0.115

21 (26.6%) 0268 Chronic kidney disease 11 (3.8%) 10 (6.8%) 0.162
10(12.7%) 0817 Vital signs, median (IQR 25-75)

9 (11.4%) 0007 Fever 37.1 (36.3-38) 37.2(36.3-38)  0.523

Pulse rate 78 (71-88) 78 (72-86) 0.734

373 (36.5-38) 0016 Saturation 90 (88-92) 90 (89-93) 0.055

& (=10 <o Symptom duration, median (IQR 25-75) 4 (3-6) 5(3-6) 0.25

90 (81-92) <0.001 L
Pneumonic involvement more than

0 0/
5(3-7) 948 50%, n (%) 102 (35.1%) 41 (27.9%) 0.131

35 (44.3%) <0.001 rF1le(§|/:|)|rement of mechanical ventilation, 38 (13.1%) 16 (10.9%) 0513
11(7-17) <0.001 ) i

Egn%r; of hospital stay median (IQR 8(6-12) 10 (6-14) 096
29 (36.7%) <0.001

Requirement of ICU care, n (%) 45 (15.5%) 20 (13.6%) 0.605
28 (35.4%) <0.001 ) :
nE2) 0674 Lengdh of stayimICU median (197 12(45-255)  165(6-235) 0464
31 (39.2%) <0.001 In-hospital mortality n (%) 37 (12.7%) 16 (10.9%) 0579

ICU: Intensive care unit
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AUC value of 0.582 (95% Cl 0.524-0.641) (Figure 2). A fibrinogen
level of 730 that was accepted as the best cut-off value for
distinguishing between deceased and surviving patients had
a sensitivity of 11.7% and a specificity of 91.5%. As compared
with patients without elevated fibrinogen level, those with an
elevated fibrinogen level had a higher median age and a longer
symptom duration (p<0.05 for both comparisons) (Table 3).

Discussion

In the COVID-19 pandemic, the number of patients presented to
healthcare facilities or hospitals has been increasing, hospital
capacities have been exceeded, and in particular, patient
requirement for intensive care support has been rising. Thus,
there is a growing need for developing early and effective
predictors of clinical outcomes in order to risk stratify COVID-19
patients. In the present study, where we investigated how
D-dimer and fibrinogen elevation would affect the mortality
rate of hospitalized COVID-19 patients, we reached two basic
conclusions. Firstly, we determined that deceased patients
had higher admission and follow-up D-dimer levels compared
with survivors. We also found that patients with D-dimer
level elevation were older, had a higher rate of chronic kidney
disease, higher body temperature and pulse rate, and lower
oxygen saturation. We also demonstrated that these patients
presented to the hospital later, had more severe pneumonia,
longer hospital and greater need for mechanical
ventilation and intensive care. Secondly, when we analyzed our
patients’ fibrinogen levels, we revealed that deceased patients
had an approximately 2 times higher fibrinogen level than
surviving ones. However, although the results of ROC analysis
that we performed to determine a cutoff value for fibrinogen
that would discriminate between the deceased and surviving
patients were statistically significant, it did not yield clinically
meaningful results. Even though several studies in the literature
have reported that elevated fibrinogen levels were associated
with poor prognosis in hospitalized patients, our results were
not indicative of a relationship between follow-up fibrinogen
levels and mortality in spite of the fact that deceased patients
had higher admission fibrinogen levels than survivors.

Data on abnormal coagulation parameters in COVID-19 have
first surfaced in reports from China. In a study published
in the early period of the pandemic it was reported that
patients exhibited a longer bleeding time, 36% of patients
had elevated D-dimer and increased inflammatory biomarkers,
and 12% had thrombocytopenia [1]. In the first publications,
particularly prothrombin time and D-dimer level have come
into prominence as the markers of more severe disease [1].
It has been determined that thrombotic events are frequently
encountered in patients with COVID-19, which has been shown
as a poor prognostic sign in terms of disease severity. In a
study on 560 patients from China, an elevated D-dimer level
was found in 260 (46.4%) of patients; furthermore, it was
shown that as disease severity increased, D-dimer level was
elevated proportionally [2]. D-dimer represents the activation of
coagulation and fibrinolysis systems [11]. D-dimer test is used
clinically to exclude deep vein thrombosis (DVT) and pulmonary
embolism (PE) and to confirm disseminated intravascular
coagulation [12,13]. Elevated D-dimer levels are not only found

stay,

in thromboembolic events, but also in physiological states like
pregnancy and disease states such as cancer, inflammation,
and surgery [14]. A review of D-dimer level in COVID-19
infection concluded that particularly diabetics and patients
suffering a venous thromboembolism (VTE) have higher
D-dimer level, independently of thromboembolic events [15-
17]. Our findings are similar to the previous literature reports.
Particularly patients with severe COVID-19 pneumonia and
severe COVID-19 infection (evidenced by fever, tachycardia,
hypoxia) had higher D-dimer levels. Another study on 138
patients found higher D-dimer levels in 26% of patients that
required admission to the intensive care unit. That study also
demonstrated that deceased patients had elevated D-dimer
levels, progressive lymphopenia, and renal dysfunction. It
was also observed by the same authors that D-dimer began
to differentiate patients with poor prognosis 5 days after
symptom onset [9]. We also found that COVID-19 patients with
chronic renal failure (CRF) had higher D-dimer levels. Studies
have shown a negative correlation between GFR and D-dimer
levels, but no thromboembolic events during a 1-year follow-up
of such patients [18,19]. Another study demonstrated that an
admission D-dimer level of more than 2.0 pg/mL (four times
increase) could effectively predict in-hospital mortality in
COVID-19 patients, which suggested that D-dimer could be an
early and effective marker for use to improve patient outcomes
[10]. We similarly calculated a sensitivity of 42% and a specificity
of 89% for a D-dimer cut-off value of 1475 (approximately 3
times normal) to distinguish between deceased and surviving
patients. We detected elevated D-dimer levels independent of
thromboembolic events in deceased patients.

Fibrinogen is the most abundant coagulation protein in the
blood. It has a prominent role in the coagulation cascade and
thrombosis. Its primary function is to form fibrin that causes
coagulation, but it also actively participates in thrombocyte
aggregation [20,21]. In a series of 43 patients by Ranucci et al.
fibrinogen level was significantly higher in patients with severe
COVID-19infection[22]. In our fibrinogen level analysis, we found
that deceased patients had higher fibrinogen levels at the time
of admission. However, our ROC analysis to determine a cutoff
value for fibrinogen level for distinguishing between deceased
and surviving patients revealed no clinically meaningful result,
although the result of the analysis was statistically significant.
Although some studies have reported that elevated fibrinogen
levels were associated with poor prognosis among hospitalized
patients, we could not demonstrate any association between
follow-up fibrinogen levels in deceased patients as compared
with surviving ones. It was reported that fibrinogen increases in
early disease and decreases in the subsequent days [23,24]. We
think that this may be due to dynamic behavior of fibrinogen
levels in COVID-19 patients.

Limitations

Our study has some limitations. Firstly, our results cannot be
generalized to all centers due to the single-center nature of our
study. Secondly, missing or erroneous data may have affected
study results because of the retrospective nature of our study.
Decisions regarding hospitalization, diagnostic tests, and
treatment have shown some variations during the pandemic
owing to continuously updated COVID-19 guidelines published
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by the Ministry of Health of Turkey. Whereas even asymptomatic
patients had been hospitalized in the first days after the
declaration of the first cases of the disease in the country, the
criteria for hospitalization had been changed in subsequent
periods. This may have changed our results. Furthermore,
COVID-19 patients who had no indication for hospitalization
and who had been discharged from the emergency department
with outpatient treatment were excluded. This may have
affected our study results as well.

Conclusion

In our study, we demonstrated that D-dimer levels measured
at admission and during follow-up were higher in deceased
patients than surviving ones. We showed that patients with
elevated D-dimer levels were older, had higher rates of chronic
kidney disease, higher body temperature and pulse rates, lower
oxygen saturation, more severe pneumonia, longer hospital
stay, and higher requirement for mechanical ventilation and
intensive care. We demonstrated that D-dimer elevation

occurred independently of thromboembolic complications.

Although we also demonstrated that fibrinogen levels were
higher in deceased patients, we did not detect any clinical
association between admission and follow-up fibrinogen levels
and mortality in deceased patients as compared with surviving
ones.
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